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Abstract: ICP-MS analytical technology was used to analyze the concentration of 13 heavy metals in surface water, pore water in
sediment, suspended particulate matter, and sediment of intertidalite of Tianjin. Results show that both total amount and single
concentration of heavy metals vary greatly in different media, the biggest and smallest values differ by 4 or 7 magnitudes. While the
variation coefficients of the contents of total metals or single metal in the same medium are less than 0.3 and 0. 5 respectively except
for the pore water. The average concentration of total dissolved heavy metals is 41. 2Hg* L™ ', while total contents of heavy metals in
original water, pore water, sediment and suspended particles are 62. 7Hg* L™ ', 112. 7Hg* L™ ", 262.3mg*L™ " and 345. Omg* L™
respectively, they are similar to inland natural river but higher then those of ocean. The composition of heavy metals in different
media varied greatly, metals prone to dissolve such as Mo account for more than 20% in water, but metals uneasy to dissolve mainly
exist in sediment and suspended particles and absorbed by particles. Typical heavy metals, such as Zn, Cu, Pb and Cr, account for
40% ~ 50% in water and 50% ~ 80% in other media. The similarity in distribution mode of heavy metals in intertidalite and
terrestrial soil suggest that they are originated from terrestrial soil that is contiguity to the sea. Notable correlativity can be seen
between concentrations of all heavy metals except for Mo in sediment, which can explain the similarity of their environmental
behavior but only wake correlation between the content of organic carbon and concentrations of heavy metals in suspended
particulates and sediment.
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Table 1 Concentrations of heavy melals in original water, filtrated water and pore water in sediment of the intertidalite/ Hg* " !
I TiH Cr Co Ni Cu Zn Zr Nb Mo Sn Hf Ta Ph Bi it
Bt 4.79 2.07 7.24 7.99 8.50 0.67 0.22 13.23 10.44 0.25 0.16 7.06 0.09 62.7
b 2 0.97 1.18 1.53 0.43 1.46 0.24 0.09 1.00 1.09 0.17 0.09 0.74
Ik B i 4.11 1.24 6.16 7.69 7.47 0.50 0.15 12.52 9.67 0.13 0.10 6.54
PN ] 5.47 2.91 833 829 9.53 0.8 0.28 13.94 11.21 0.37 0.22 7.58
cv 0.20 0.57 0.21 0.05 0.17 0.36 0.41 0.08 0.10 0.69 0.52 0.10
¥l 4.09 1.11 6.05 577 563 0.32 0.13 11L.81 1.18 0.11 0.09 4.8 0.07 41.3
b 2 0.62 0.58 0.31 1.15 2.95 0.00 0.08 1.42 0.14 0.02 0.05 1.77
it g K ZIN i 3.65 0.70 5.83 4.95 3.54 0.32 0.07 10.81 1.08 0.10 0.06 3.59
ik 4.53  1.52 6.27 6.58 7.72 0.32 0.18 12.81 1.28 0.13 0.13 6.09
cv 0.15 0.53 0.05 0.20 0.52 0.0l 0.59 0.12 0.12 0.19 0.54 0.37
¥ 23.9 4.1 13.0 8.8 36.2 1.7 0.3 1990 0.9 02 0.3 44 0.1 112.7
bEdEZE 19.2 0 2.3 5.5 4.1 9.5 2.1 0.1 144 0.5 0.1 0.3 23 0.1
DURA ) B Ik 3.9 1.3 5.5 4.3 187 0.4 0.1 5.3 0.2 00 0.1 2.1 0.1
kM e6.0 7.5 21.8 19.7 535 9.1 0.5 657 2.1 0.4 1.1 1.0 0.3
cv 0.8 0.6 0.4 0.5 0.3 1.3 0.5 0.8 0.6 0.7 1.1 0.5 0.5
g K IRk 0.85 0.54 0.8 0.72 0.66 0.48 0.59 0.89 0.11 0.46 0.55 0.69 0.8 0.66
1) B AR/ ik 18 7K 5.8 3.7 2.1 1.5 6.4 5.2 2.3 1.6 0.7 1.5 2.8 0.9 1.2 2.7
() JEKPESERSES M KPP RES  Bi, Mo~ Co %8215 97.9%, Zn «Cu Pb Al Cr ﬁ“ié
JE e FE B Ry 62. TUg e L™ ', AL Y O 58.7~ 28, 3Uge L1, 2yl % R FE S P E 4R R AR
66. Thge L™ ', AN K 42 @ v 15 A8 1L Y T 4 0. 09~ .
13.94Mg L™ ', 459 J3 th K B ME K Ky Mo> Sn> Xi??m'ﬁiﬂ['ﬂ iy K P 4 S VR P A T e 2K
Zn> Cu> Ni> Pb> Cr> Co> Zr> Hf> Nb> Ta>  ZUKW(IA 2), HREIRFE L@ s 1, frill
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Table 2 Comparison among concentrations of heavy metals in different waters/ Hg* L~ :

IR e R N 1] Cu Ph Cr Ref
R ) ) 2003 7.99 8.50 7.06 4.79
e G R 2002 215.5(4. 8~ 1529.4) 565.2(16.2~ 5164.3)  46.9( 1.3~ 202. 1) 93.5(2.0~ 690.4)
g HEhE 2001 56~ 119 67~ 118 0.73~ 16.74 [4]
R 1996~ 1997 42~ 97 130~ 180 13~ 45 [5]
T 1 2002 27.5(11.0~ 59.7)  59.9(29.7~ 117.7)  135.6(63.3~ 233.3)  51.1(11.9~ 95.2) [6]
[EeRinLi! 1995 20.5(15.0~ 32.0) 45.0(28.5~ 82.0) [7]
FEHE I ) Ay 2003 5.77 5.63 4.84 4.59
X o b g 2002 19.7(5. 6~ 80.8) 58.3( 1.6~ 897.7) 15.5(2. 1~ 111.0) 18.3(0.5~ 180.3)
B ey 2000 0.6~ 5.8 10. 5~ 20.7 0 [ 8]
B girnxR 1999 4.15(2. 16~ 4.45) 2.44(0. 68~ 4.61) [9]
NI AR EE 1991 1.52(1. 17~ 1.92) 25.5(15. 4~ 33.2) 0.61(0. 36~ 1.30) 0. 12(0. 09~ 0.26) [ 10]
il 2K 1998  0.100 (0.014~ 0.39) 0.086(0.013~ 0.350) 0.060(0.017~ 0.270) [11]
) R AF 2003 8.8(4.3~ 197) 36.2(18. 7~ 53.5) 4.4(2.1~ 11.0) 23.9(3.9~ 66.0)
H ] i) 45 G B 2003 11.6(7. 1~ 19.7) 41.3(29.2~ 53.5) 3.6(2.4~5.7) 39.1(19. 2~ 66.0)
bt ] i) 41 vl B 2003 6.0(4. 3~ 9.5) 31.1(18. 7~ 41.7) 5.3(2. 1~ 11.0) 8.7(3.9~ 12.9)
K 2002 4.89(1.9~ 9.8) 59.58(15.7~ 209.5)  6.18( 1.1~ 10.5) 6.32(4.3~ 8.5) [12]
1M 52— st A K T i o 5 1 1
IR A A A0 O ey e VP 10~ 100" 100~ 1 000 50~ 100 100~ 500 [7]
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(3) PURA IR K b T4 S R A DO
YIRIGK T A R R A 112, Thge L7 ! A
TG AT 51,7~ 177. 0Mge L™ ' 2 fi), A& 4 )

W PEAF A A 0. 02~ 65. Thge L™ L. ] L/K 144
&R RIS R SE Zn> Cr> Mo> Ni> Cu> Pb> Co
>7Zr> Sn> Nb> Ta> Hf> Bi, Zn~ Zr & & /4
98.5% ,7Zn Cu \Pb fl Cr [F1 & &y 45.20g L™ ", |
B RN P E SR BIREN 40.1%.
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W 18] 445 DU R4 & V7 W) ( suspended particulate
matter, SPM ) S i1 b 3 vh 7 43 8 5 w1 R 3 fr
R, 5 HE BRI R T WXt LE L 4.
2.2.1 EEBITCHERALBTFYPIEE

IF W R B E A Wk M b 345.0
mg*kg™ ', LA E AT 201. 0~ 529.3mge kg™ ' Z
], A2 5 RECN 19% 5 A1 TE 4 i e AR A3 TR A
0.13~ 285.4mg kg™ ', B R AN 1%~ 51%. I
VR4 B R PBEAR VR Zn> Zr> Cr> Ni> Cu> Pb
> Co> Nb> Sn> Hf> Mo> Ta> Bi,Zn~ Nb & & 4
97.5%, Zn . Cu Pb Ml Cr [ i & & K 336.37
mge kg™ ', 5 RAE P AR B IEY 31.5% .
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Table 3 Distributional characteristics of heavy metals in sediment, SPM and soil of intertidalite/ mg*kg™ !
I LERNRIE Cr Co Ni Cu Zn Zr Nb Mo Sn Hf Ta Ph Bi it
¥l 37.5  14.4  31.8 31.7 112.6 743 9.1 0.8 45 2.2 0.5 250 0.5 3450
bifk 22 12.1 2.2 5.1 4.5 49.0 10.1 1.8 0.4 1.6 0.3 0.2 2.7 0.3
pesbt ] ZIN i 15.7 6.9 157 18.6 68.3 40.0 3.0 0.4 2.1 .LO 0.1 183 0.1
g KAl 71.2  16.4 37.8 38.5 285.4 832 10.7 .6 9.0 2.4 0.8 29.5 1.3
cv 0.32 0.15 0.16 0.14 0.44 0.14 0.20 0.47 0.35 0.16 0.32 0.11 0.51
¥l 25.4  11.7 26.9 25.3 87.7 79.6 8.6 1.6 2.4 23 0.7 221 0.6 2951
bifk 22 11.9 .6 5.1 4.6 382 232 1.6 30 0.5 04 0.5 2.8 0.4
JUELE B/ 7.8 8.8 19.2 17.5 47.8 5. 5.8 0.5 1.5 1.5 0.3 16.6 0.2
SN 48.7 14.1 358 32.3 181.3 146. 10.8 13.0 3.2 3.0 1.7  27.4 1.5
cv 0.47 0.14 0.19 0.18 0.44 0.29 0.19 1.8 0.20 0.19 0.67 0.13 0.62
Bt 30.4  12.7 27.6 24.8 82.9 67. 9.0 0.5 2.4 20 0.4 203 0.3 280.9
b 2 1.3 4.0 10.1 9.2  37.4 16. 1.9 0.1 0.8 0.5 0.1 7.1 0.1
|- 45 ZIN i 17.5 8.1 16.2 14.3 43.3 48.8 6. 0.4 1.4 .4 0.3 123 0.1
PNl 38.9  15.4 354 31.7 117.7 79 10.6 0.6 29 2.4 0.5 259 0.4
cvV 0.37 0.32 0.36 0.37  0.45 0.24 0.21 0.20 0.36 0.26 0.22 0.35 0.54
[ AR/ Dt 0.9 0.3 0.5 0.3 0.4  0.02 0.03 1.5 0.3 0.1 0.4 0.2 0.2 0.38
HFE il 1.5 1.2 1.2 1.3 1.3 0.9 1.1 0.5 1.9 1.0 0.8 1.1 0.9 1.17
£4 FRAKEIAPMZZIVREEETETE B mgkg '
Table 4 Comparison among concentrations of heavy metals in sediment and SPM of different waters/ mg* kg™ !
T 44 B FE Cu Zn Pb Cr Ref
R ) ) 2 2003 31.7(18.6~ 38.5) 112.6(68. 3~ 28.5) 25.0(18. 3~ 29.5) 37.5(15.7~ 71.2)
e ) o R B 2003 34.1(31.6~ 38.5) 133.3(92. 0~ 285.4) 26.0(24.9~ 27.5) 35.8(29.9~ 43.8)
R () o g B 2003 28.9( 18. 6~ 34.4) 89. 5(68.3~ 130. 8) 23.8(18.3~ 29.5) 39.3(15.7~ 71.2)
BIFHY v deHEE 2002 821.2(153.6~ 2498.6) 2626.5(99.4~ 9666.2) 177.3(28.7~ 419.6)  293.3(29. 9~ 960. 7)
b I P 2000 48~ 68.8 230.2~ 380.8 82.5~ 264.9 [8]
ATl 1 B 2000 76.51~ 105.0 270. 0~ 404.0 65.45~ 87.7 78.5~ 102.0 [15]
Kitn 10. 71 14.21 [ 16]
R ) ) 2 2003 25.3(7.55~ 32.3) 87.7(47.8~ 181.3) 22.1( 16. 6~ 27. 4) 25.4(7.8~ 48.7)
PREATTR [ e 2002 543.4(37.8~ 1542.5) 1592.2(113. 6~ 3988.2) 243.2(22.7~ 1355.0)  214.2(30.2~ 880.5)
B2 1984  21.82(8.98~ 31.0)  67.61(21.25~ 86.31)  14.38(5.00~ 25.96) [17]
VIR g e 1980 32. 40 97. 25 24. 82 [4]
B it v i 11 2001 37.0(20.24~ 63.89) 125.9(89. 14~ 215.78) 36.0(27. 55~ 61.26) [4]
A6 B 25.99(12.9~ 52.5)  88.48(58.6~ 172.0)  23.46( 10.52~ 71.2) [ 18]
AT il T B 2000 35.35~ 54.4 90.29~ 158.0 39. 8~ 53.4 63.01~ 83.8 [15]
VR rh RESBKAEYEA 262.3 KA U R R R BE T 30. 4% .
mgekg™ | ABMIHA T 190. 5~ 417 Smgekg™ !, 2 RHEH 1L BESE W A FHREY, FLYE P o4

SRECH 24% ; NMMATE S R EABWTLE K 0. 22~
181.3mg* kg™ ', A5 REN 13% ~ 184%. YR

AN G I8 IR EE W UCR Zn> Zr> Ni> Cr> Cu>
Pb> Co> Nb> Sn> Hf> Mo> Ta> Bi, Ifif Zn~ Nb
FESEERNESELEN 97.3%, L EL)E

n Cu r [ J m e
JL# Zn Cu Pb Fl Cr (R F 7 86.2 mgekg ™

1570, B BON 2R B AN R, S HY R I S s
MK Hes D 2R deTE 0 O 1 Ok R s
SGEA . WEFTEE H A R I N 1 AR BEAN Sl 55 T 4
JeE SR BB i e, BB Zn Zr Cr A1 Cu [
J£ D ey 38 G FR). 7E W ()7 KA b, BIF B E
W TUURRY), X — LSS RARWTHRAREL. d1 T2 5
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Fig.2  Relationship among concentrations ol heavy metals in original water, filirated water, pore water,

suspended particulate matter and sediment



